TESTS OF DISCRETE SPACE-TIME SYMMETRIES

CHARGE CONJUGATION (C) INVARIANCE

|-(7T0 — 37)/Tiotal
n C-nonconserving decay parameters
ata— 70 left-right asymmetry

T 7r0 sextant asymmetry

0

T

ata—n quadrant asymmetry
+
+

T T~y left-right asymmetry

T 7r_'y parameter (3 (D-wave)

F(n - 7 “/)/rtotal

rn 2r0 )/ Ttotal

rn 37T0’Y)/rtota|

Fm— 37)/Tiotal

rn— et e )/Miotal
rn— «Outu Mol
F(w(782) — nmw )/rtota|
MNw(782) — 270 )/rtota|

M(w(782) — 370)/Moal

asymmetry parameter for n/(958) —
atr— ~ decay

r(n(958) — 70t e™)/Miotal

r(n (958) — ne e )/Tiotal

F(n (958) — 3“/)/rtota|

r(n/ (958) — u+u 0)/Ttotal

F(n'(958) — uF 1™ n)/Total

F(J/%(1S) = ¥7)/Tiotal

<3.1x 1078, CL = 90%

+0.11 2
0.097373) x 10~

0.127919) x 10-2

0.09 =+ 0.09) x 102
0.9 + 0.4) x 10~2
—0.02 £ 0.07 (S = 1.3)
<9 x 1072, CL = 90%
<5x 1074, CL = 90%
<6 x 1073, CL = 90%
<1.6 x 1072, CL = 90%
<4 %1075, CL = 90%
<5x 1070, CL = 90%
<2.1x 10™4, CL = 90%
<2.1x 10™4, CL = 90%
<23 x 1074, CL = 90%
—0.03 £ 0.04

(
(
(-
(

<1.4 x 1073, CL = 90%
<2.4x 1073, CL = 90%
<1.0 x 10™4, CL = 90%
<6.0 x 10™°, CL = 90%
<15 x 1072, CL = 90%
<5x 1070, CL = 90%

PARITY (P) INVARIANCE

e electric dipole moment
w electric dipole moment
Re(d. = 7 electric dipole moment)

Mn— =t ")/ Ttotal

rn — 270 )/rtotal

rn— 470 )/rtotal

I'(n (958) — atn ")/ Total
F('(958) — 7070)/Tyoral
(
(
(
(

r 775( S) — +7r—)/rtotal
F(nc(18) = 7970)/Tioral

r77¢( S) — K+K—)/rtotal
M(n.(18) — K%)/rtotal

p electric dipole moment
n electric dipole moment

A electric dipole moment

<10.5 x 10728 ecm, CL = 90%

(—0.1+0.9) x 10719 ecm

—0.220 t0 0.45 x 10716 ecm, CL
= 95%

<1.3x 1072, CL = 90%

<35 x 1074, CL = 90%

<6.9 x 1077, CL = 90%

<6 x 1073, CL = 90%

<4 x 1074, CL = 90%

<1.1 x 104, CL = 90%

<3.5 x 1072, CL = 90%

<6 x 104, CL = 90%

<3.1x 1074, CL = 90%

<0.54 x 10_23 ecm

<0.29 x 10725 ecm, CL = 90%

<1.5x 10716 ecm, CL = 95%
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TIME REVERSAL (T) INVARIANCE

e electric dipole moment

1 electric dipole moment

1 decay

parameters

transverse et polarization normal to

plane of pu spin, eT momentum

o/ /A
8'/A

Re(d, = 7 electric dipole moment)

Pp in Kt — 7T0;,L+V/J

Pp in Kt — ,u+uu~/
Im(€) in KT — 70t v, decay (from
transverse p pol.)

asymmetry AT in K0.K0 mixing

Im(€) in K23 decay (from transverse p pol.)

Ap(DF — KEKkErta7)
Ap(DO — KT K= xtz)
Ap(DE — KQkEatsm)

)

AST (Sz_—,Kg a 52;,}(05

AST (SZ KO 52+7Kg)
AC# (Cé_ KO CZ;,KOS)
ACT (Cé—,KO Cé_+,K05)

p electric dipole moment

n electric dipole moment

n — pe” Uy decay parameters

® Ay, Phase of gy relative to gy,
triple correlation coefficient D

triple correlation coefficient R

A electric dipole moment

triple correlation coefficient D for ¥ = —

ne U

Re(d;’_V)
Im(d?)

n— ataetTe™ decay-plane asymmetry

e

<10.5 x 10728 ecm, CL = 90%
(=0.1 £ 0.9) x 10719 ecm

(—2+8)x 103

(—10 + 20) x 10~3

(2+7)x1073

—0.220 to 0.45 x 10716 ecm, CL
= 95%

(-1.7 £ 25)x 1073

(—0.6 + 1.9) x 10~2

—0.006 + 0.008

(6.6 +1.6) x 10~3

—0.007 + 0.026
(—12 + 11) x 10~3
(1+£7)x1073
(—14 + 8) x 1073
—13740.15

1.17 £ 0.21

0.10 + 0.16

0.04 + 0.16

<0.54 x 10_23 ecm
<0.29 x 10725 ecm, CL = 90%

(180.017 = 0.026)°

(-1.2 +2.0) x 1074

0.004 + 0.013

<15 x 10716 ecm, CL = 95%
0.11 £ 0.10

CP INVARIANCE

Mn — 7r+7r_)/rtota|

Mn— 27

0)
0)

/ ltotal
/ ltotal

r 7]/(958) — 7r+7r_)/rtota|
r n/(958) — 70 7r0)/rtota|

Kt = 7Eata rate difference/average
Kt = 757070 rate difference/average
Kt - * 7r0'y rate difference/average
KE — rtrta- (6y —8-)/ (g4 +
&)

Kt — 757070 (g, —g )/ (g; +28.)
Akt ) = (R T,

F(Kﬁee )—F(}?Ee )
AT = TGIRECE)

F(Kiuu)—F(Kfuu)
A(Kim) - r(Kim)Jrr(Klm)

Ty Ty

(
(
Mn — 4rn
(
(

<0.50 x 10717 ecm, CL = 95%
<1.1x 10717 ecm, CL = 95%
(—0.6 £ 3.1) x 1072

<1.3 x 1072, CL = 90%

<35 x 1074, CL = 90%

<6.9 x 10~ 7, CL = 90%

<6 x 1073, CL = 90%

<4x 1074, CL = 90%

(0.08 £ 0.12)%

(0.0 + 0.6)%

(0.9 + 3.3)%

(—154+22)x 1074

(1.8 +1.8) x 10~4

(—2.2 £ 1.6) x 1072

0.010 £ 0.023

(0.0 £1.2) x 1073
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Ag =[T(KS — 7=ef

Te~7,)]/SUM

Im(n; _q) = Im(AKE — =0, cp-

ve) - T(KE —

violating) / A(K(Z — ata— 7r0))

Im(nggo) =

0.0_0

ToTT T

Ino0o| =

= Im(A(KY —
)/AKKY — 97070))
AKY — 370)/A(K) — 340)]

CP asymmetry A in K% — atr—eTe™

r(Kg. -

linear coefficient j for K(Z — atr—x

quadratic coefficient f for K(L) - atrn

37r0)/rtota|

¢ /e for KO — atr
+—= L
‘gEl‘ for K(L) — 7r+7r_'y

F(K9 — 70t =) /Miotal

I'(K(Z — alet

e )/Tiotal

r(K‘Z — 70uD)/Tiotal

0

0

[e]
(]

(2 £ 10) x 10~3
—0.002 + 0.009
(0.1 +1.6) x 10~2

<0.018, CL = 90%

(—0.4 £ 0.8)%

<1.2x 1077, CL = 90%
0.0012 + 0.0008

0.004 + 0.006

<0.3, CL = 90%

<0.21, CL = 90%

<3.8x 10710, cL = 90%
<2.8x 10710, cL = 90%
<2.6 x 1078, CL = 90%
(8 £8)%

(—0.41 £ 0.09)%

(0.1 + 1.0)%
(1.0 £ 1.3)%

(0.3 +0.9)%

(0.1 + 1.3)%

(2.9 £ 2.9)%
(1.0 £ 1.5)% (S = 1.4)
(=05 4+ 1.2)% (S = 1.1)
(-0.23 + 0.31)%

(0.3 £ 0.6)%

(0.1 + 1.3)%

(0.42 + 0.28)%

@t )%

(43+2o)%

(- 12+18)%

(- 19+1g)%
(-9 + 26)%
(-2 + 4)%
(-4 +£7)%
(-4 £ 11)%
0.

(

1018
672014

—0.22 +1.61) x 1073

Where there is ambiguity, the CP test is labelled by the Do decay mode.

AC«P(Di — ,u:tu)

Acp(DF — Kr¥)

Acp(DE — KF2nt)

ACP(D:t — K:FT(:tﬂ’:tT(O)

AC«P(Di — K%ﬂiwo)

AC«P(D:E — K%ﬂiw+7r_)

ACP(D:I: N :|:7T0)

Acp(DF — ntn)

Acp(DE — 7E1/(958))

Acp(DF — KL KF)

Acp(DE — Kt K= 7¥)

Acp(DE — KEK*0)

Acp(DE — ¢nt)

Acp(DF — K*K}3(1430)0)
Acp(DE — K*K3(1430)0)
Acp(DF — KEK}(800)

Acp(DE — a5(1450)0 %)

Acp(DE — $(1680)F)

AC«P(D:E — 7t 7r:t)

Acp(DF — KYKkErtr)

Acp(DE — KE0)

‘q/p| of D9-DY mixing

Ar of p0-po mixing

Acp(D® — Kt K™)

Acp(DO — KO KS)

Acp(DO — 7t 77)

ACP(DO N Oﬂ_O)

AC«P(DO — 7r+7r_7ro)

AC«P(DO — p(170)t 7~ — 7r+7r_7r0)
ACP(DO — p(770)07r0 — 7r+7r_7r0)
ACP(DO — p(770)" =t — 7r+7r_7ro)
Acp(DO — p(1450)F 7 70)
AC«P(DO — p(1450)07r — 7r+7r_7r0)
ACP(DO — p(1450) "7t — #t 7r0)
ACP(DO — p(1700) T 7~ — atx 7r0)
AC«P(DO — p(1700)07r0 — 7r+7r_7ro)

lg]
[g]
l]
l]
lg]
lg]
l]
l]

(—0.21 £ 0.17)%
—23 4+ 19)%
0.22 + 0.21)%
0+5)%

0.3 +0.4)%
1.2 +0.9)%
—3.1 4 3.0)%
~1.0+1.7)%
0+ 70)%
—20 + 40)%
6 + 9)%

—5 4 14)%
13 + 9)%

N N~ o o~ o~~~
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AC«P(DO — p(1700) "7t — 7r+7r_7r0)
ACP(DO — f0(980)7r0 — 7r+7r_7ro)
ACP(DO — f0(1370)7r0 — atnr 7r0)
ACP(DO — f0(1500)7r0 — ata— 7r0)
ACP(DO — f0(1710)7r0 — ata— 7r0)
AC«P(DO — f2(1270)7r0 — ata— 7r0)
AC«P(DO — 0(400)7r0 — nta~ 7r0)
Ac p(nonresonant DO — atga— 7r0)
Acp(DO — Kt k= x0)
Acp(D0 — K*(892)t K~ —
Kt K= =0
Acp(D0 — K*(1410)T K~ —
Kt K= =0)
ACP(DO — (K+WO)SK_ —
KT k= 0)
Acp(DY — $(1020)70 — Kt Kk~ x0)
Acp(DO — £5(980)70 — KT K—0)
Acp(DO — 2980070 — K+ K—x0)
Acp(DO — f(1525)70 — KT K= x0)
Acp(DO — K*(892)~ Kt —
KT k= 0)
Acp(DO — K*(1410)~ KT —
Kt Kk—=0)
ACP(DO - (K_WO)S—wave KT —
Kt K= x0)
Acp(D® — K2x0)
Acp(D? = K2n)
Acp(DO — K% )
ACP(DO — S¢)
Acp(D0 — K~ =)
Acp(DO — K+ )
Acp(D0 — nt x0)
ACP(D0—> K+7r 7r0)
Acp(D® — K%ntr )
Acp(DO — K*(892) — K@rtr)
Acp(DO — K*(892)+7r_ — KQ&rtr7)
Acp(D0 — K%p0 — K% +r)
ACP(DO—> ng—> KS7r )
Acp(DO — K fo(980) — K&nta™)
Acp(DO — K%f2(1270)—> Kentao)
Acp(DO — f% fo(1370) — KLxt ™)
Acp(DO — KOp0(1450) — KQrt7™)
Acp(DO — KO f5(600) — Kg. + —)
Acp(DO — K0f2(1270)—> Kentao)
Acp(DO — K*(1410)~ 7t —
K%ﬂ+7r_)
Acp(DP — K3(1430)~ 7t —
K%ﬂ+7r_)
Acp(DO — K3(1430)~ 7t —
K%TK’J’_W_)
Acp(D® — K3(1430)" 7t —
K%ﬂ+7r_)

Acp(DO — K3(1430) 7~ —

K%ﬂ+7r_)

l]
l]
[g]
[g]
[g]
[g]
l]
l]

lg]
lg]
le]
lg]
lg]
lg]

lg]
le]

lg]

[g]

(8 +11)%

(0 + 35)%

(25 + 18)%

(0 +18)%

(0 + 24)%
(-4 + 6)%

(6 +8)%
(—13 + 23)%
(-1.0 £ 1.7)%
(-0.9 + 1.3)%

(—21 + 24)%
(7 £ 15)%

(1.1 +2.2)%
(-3 +19)%
(=5 + 16)%
(0 + 160)%
(-5 + 4)%

(—17 + 29)%
(—10 + 40)%

(—0.27 + 0.21)%
(0.5 £ 0.5)%
(1.0 £ 0.7)%
(=3 +9)%
(0.1 +0.7)%
(22 +£3.2)%
(0.2 £ 0.9)%
(0 £5)%
(-0.1+0.8)%
(0.4 + 0.5)%
(1+6)%
(0.1 + 0.5)%
(-13 £ 7)%
(0.4 £27)%
(-4 £5)%
(—1+9)%
(-4 +10)%
(—3 +5)%
(-7 +£8)%
(=2 +9)%

(4 £ 4)%
(12 + 15)%
(3+6)%

(—10 + 32)%
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Acp(DO — K*(1680)~ 7t —
K%ﬂ+7r_)

ACP(DO — K atata)

ACP(DO — Kta=xtam)

Acp(D0 — KtKk—atam)

Acp(D® — Ki(270)t K~ —
K*0at k™)

Acp(D® — K}(1270)~ KT —
K0 = K+)

Acp(DO — KI(1270)T K~ —
PO KTK™)

Acp(DO — Ki(1270)~ K+ —
PO K= KT)

Acp(DO — K*(1410)F K~ —
K*0rt+ k)

Acp(DO — K*(1410)~ Kt —
K*0— K+)

Acp(DO — K*OK*0 Swave)

AC«P(DO — d)po S-wave)

ACP(DO — qbpo D-wave)

AC’P(()DO - d’(7"+7r_ )S—wave)

AADL = Acp(KT K™) = Agp(rt ™)

AcP(Di — pFv)

Acp(DE — KTKY)

Acp(DE — KT K= rk)
Acp(DE — KT K= nEa0)
Acp(DE — KQKF2nt)
AC«P(D;E — 7r+7r_7r:t)
ACP(D;IE — ntn)
Acp(DE — a4
Acp(DT — KEx0)
Acp(DE — KYrF)
ACP(D;I: — K:t7T+7r_)
ACP(D§IE — KEp)
Acp(DE — KE4/(958))
Acp(BY — J/p(1S)KT)
Acp(BT — J/p(1S)7T)
Acp(BY — J/ppt)
Acp(BT — J/pK*(892)T)
Acp(BT — n.KT)
Acp(BY — y(28)nt)
Acp(BT — $(25)K™T)
Acp(BT — (2S)K*(892)T)
Acp(BT — x(P)7T)
Acp(BT — xgK™)
Acp(BT — xc1KT)
Acp(BT = xc1 K*(892)T)
Acp(BT — DOrt)
Acp(BT = Deop(1y™™)

Acp(BY — Dop(_1ym™)
Acp(BT — DOkT)
rg(Bt — DOKT)

sp(BT — DOKT)

rg(BT — DOK*T)
sp(BT — DOK*T)

(0.7 £ 1.0)%
(=2 + 4)%
(-8 +7)%
(-1 +10)%

(—10 + 32)%
(-7 £17)%
(10 + 13)%
(=20 £ 17)%
(-1 +14)%

10 + 14)%

3+5)%

37 £+ 19)%

9+ 10)%

0.68 + 0.16)%
5+6)%

0.3+ 0.4)%

0.3+ 1.4)%

—6 + 4)%

14 4)%

2+ 5)%

4.6 + 2.9)%

6.1 & 3.0)%

—27 + 24)%

6.6 + 3.3)% (S = 1.4)
11+ 7)%

9 + 15)%

6 + 19)%
(1£7)x1073 (S =1.8)
0.007 =+ 0.033 (S = 1.3)
—0.11 + 0.14

—0.048 + 0.033

—0.16 + 0.08

0.03 + 0.06

0.008 + 0.021 (S = 1.6)
0.08 + 0.21

0.07 + 0.18

—0.20 + 0.18 (S = 1.5)
—0.009 + 0.033

0.5+ 0.5

—0.008 + 0.008

0.035 + 0.024

0.017 £ 0.026

0.07 & 0.04

0.096 + 0.014 (S = 1.2)
(115 + 13)°

0.17 £ 0.11 (S = 2.3)
(155 £ 70)° (S = 2.0)

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
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Acp(BY
Acp(BY
Acp(BT
Acp(BT
Acp(BT —
Acp(BT —
Acp(BT —
Acp(BT —

(K== t]pKT)

[K— 7r+]5K*(892)+)
[K=xT]pnT)
[K_W"'](DW)W"')
K= )y ™)
[K_W+](D7T) KT)
(K= ](Dy) KT)
[7r+7r_7rO]DK+)

Aspg(BT — DrT)

Acp(BT —
ACP(B+ —
ACP(B+ —

ACP(B+ —
ACP(B+ —

Dop(~1)K™)
5*07r+)
(D*CP(Jrl))0 )
(DEp_1)°7T)
D*0 k)

(BT — DKt

B
Acp(BT —
Acp(BT —
Acp(BT —
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BF
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BT
Acp(BY
Acp(BY
Acp(BY
Acp(BY
Acp(B
Acp(B
Acp(B
Acp(BY
Acp(BF
Acp(BF
Acp(BY
Acp(B
Acp(B
Acp(B
Acp(BY

!

L e e e e

Ll

(Bt — D*0K+)

*0 +
Pep+1 k™)

DEp(-1)KT)
Dep(+1) K*(892)T)
Dep(—1)K*(892)F)
Dl ¢)

D*+5*0)
D*+50)

D+ D*0)

p+DY)

K%W"')

K+ 7r0)

n' KT)

' K*(892)1)

' K§(1430) 1)

n K3(1430) 1)
nK*(892)T)
nK§(1430)T)
nK3(1430))
wKt)

wK*T)
w(Km)gT)
wK3%(1430)T)
K*07r+)
K*(892)T #0)
Ktr— 7r+)
KTK— KT nonresonant)
£(980)9 K1)
fo(1500) KT)
£,(1525)0 k+)
K5(1430)07)
K35(1430)0 7 F)
K+ 7r07r0)

KOpT)
K*+7T+7T_)

PO K*(892)7T)
K*(892)T £,(980))

—0.58 £ 0.21
—03+05
0.00 + 0.09
—0.09 £ 0.27

—0.7+£0.6
0.8+ 0.4
0.4 +1.0

—0.02 £ 0.15
0.14 £ 0.06
—0.10 £ 0.07

—0.014 £ 0.015
—0.02 £ 0.05

—0.09 £ 0.05

—0.07 £ 0.04

4+0.023 (¢ _
011473022 (S =12)

(310722)° (s = 1.3)
—0.12 £ 0.08
0.07 % 0.10
0.09 % 0.14
—0.23 +0.22
0.0+ 04
—0.15 £ 0.11
—0.06 £+ 0.13
0.13 £ 0.18
—0.03 £ 0.07
—0.014 £+ 0.019
0.037 + 0.021
0.013 + 0.017
—0.26 £+ 0.27
0.06 £+ 0.20
0.15 £ 0.13
0.02 £ 0.06
0.05 £ 0.13
—0.45 £ 0.30
0.02 £ 0.05
0.29 £+ 0.35
—0.10 £+ 0.09
0.14 4+ 0.15
—0.04 £ 0.09 (S = 2.1)
—0.06 + 0.24
0.038 & 0.022
0.06 =+ 0.05
—0.08 + 0.09

0.28 £ 0.30

+0.05
—0.08 7504

0.055 + 0.033

+0.29
0.057 554

—0.06 £+ 0.07
—0.12 £ 0.17
0.07 £ 0.08
0.31 £0.13
—0.15 £ 0.12
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NODE=S041AC0
NODE=S041AC4
NODE=S041AC1
NODE=S041AC6
NODE=S041AC7
NODE=S041AC8
NODE=S041AC9
NODE=S041AC2
NODE=S041AA2
NODE=S041AY4

NODE=S041AD5
NODE=S041AD6

NODE=S041AD7

NODE=S041AD38
NODE=S041ARY

NODE=S041DRY
NODE=S041AC+
NODE=5041AD1
NODE=S041AD+
NODE=5041AD-
NODE=S041ADP
NODE=S041AS1
NODE=S041AS2
NODE=S041AS3
NODE=S041AS4
NODE=S041AX4
NODE=S041AX3
NODE=S041AX5
NODE=S041CR7
NODE=5041CT7
NODE=5041CT8
NODE=5041CP1
NODE=S041CR5
NODE=S041CR6
NODE=S041AY1
NODE=5041CT0
NODE=5041CT2
NODE=5041CT3
NODE=5041CQ4
NODE=5041CP8
NODE=S041AY6
NODE=S041CU6
NODE=5041CU7
NODE=5041CS5
NODE=S041CQ5
NODE=5041CQ7
NODE=5041CS4

NODE=S041CU4
NODE=S041CR9
NODE=S041AKP
NODE=S041AZ1
NODE=S041CR3
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Acp(Bt — af KO) 0.12 + 0.1 NODE=5041CS1
Acp(BY — b KO) —0.03 +0.15 NODE=5041CS6
Acp(BT — K*(892)0pt) —0.01 £0.16 NODE=S041CR4
Acp(BT — bIKkT) —0.46 & 0.20 NODE=5041C52
Acp(BT — KOKT) 0.04 £ 0.14 NODE=S041CQ8
Acp(BT — KTKLKY) 0.0473:0% NODE=S041AY8
Acp(BT — KT K™ nt) 0.00 + 0.10 NODE=5041CKK
Acp(BY — KT K= Kt) ~0.017 1355 NODE=S041AY7
Acp(BT — ¢KT) 0.10 + 0.04 NODE=S041AX7
Acp(BT — Xp(1550)KT) —0.04 + 0.07 NODE=5041CXK
Acp(BT — K¥TKTK™) 0.11 + 0.09 NODE=S041AKK
Acp(BT — ¢K*(892)T) —0.01 +0.08 NODE=S041AX8
Acp(BT — ¢>(K7r)3+) 0.04 £ 0.16 NODE=S041CT1
Acp(BT — ¢Kq(1270)T) 0.15 4 0.20 NODE=5041CS8
Acp(BT — ¢K3(1430)) —0.23 +0.20 NODE=5041CS9
Acp(BT — KT ¢9) —0.10 + 0.08 NODE=S041CT9
Acp(BT — K*t[gdl,) 0.09 + 0.10 NODE=S041CTB
Acp(BT — K*(892)T ) 0.018 =+ 0.029 NODE=S041AKG
Acp(BT — nKTx) —0.12 + 0.07 NODE=5041CQ3
Acp(BT — ¢KTx) —0.13 4+ 0.11 (S = 1.1) NODE=S041APK
Acp(BT — pTr) —0.11 + 0.33 NODE=5041CS7
Acp(BT — 7t x0) 0.03 = 0.04 NODE=S041AX0
Acp(BT — atn=at) 0.03 & 0.06 NODE=S041AY5
Acp(BT = pOrt) 0.18+7392 NODE=S041CP4
Acp(BT — f(1270)nt) 0.41 + 0.30 NODE=5041CQ0
Acp(BT — p0(1450)7T) —01+34 NODE=S041CT4
ACP(B+ — a7~ 7% nonresonant) —0.141‘8:%2 NODE=S041CT6
Acp(BT — pta0) 0.02 + 0.11 NODE=S041CP5
Acp(BT — ptp0) —0.05 + 0.05 NODE=S041AY9
Acp(BT — wr™) —0.04 + 0.06 NODE=S041AX6
Acp(BT — wpT) —0.20 £ 0.09 NODE=S041CP9
Acp(BT — nrt) —0.14 4+ 0.07 (S = 1.4) NODE=S041CP2
Acp(BT — npT) 0.11 £+ 0.11 NODE=S041CQ2
Acp(BT — o/aT) 0.06 & 0.16 NODE=5041CQ1
Acp(BT — o/ pT) 0.26 + 0.17 NODE=S041CR8
Acp(Bt — bdrt) 0.05 + 0.16 NODE=5041CS3
Acp(BT — ppnT) 0.00 + 0.04 NODE=5041CP6
Acp(BT — ppKT) —0.16 + 0.07 NODE=S041CP7
Acp(BT — pBK*(892)T) 0.21 4+ 0.16 (S = 1.4) NODE=S041AW6
Acp(BT — pAy) 0.17 + 0.17 NODE=S041CLG
Acp(BT — pAzD) 0.01 + 0.17 NODE=5041CS0
Acp(BT — KTt —0.02 £ 0.08 NODE=S041CR1
Acp(BT — KTete) 0.14 £ 0.14 NODE=5041CU0
Acp(BT — Ktutpu™) —0.05 £ 0.13 NODE=S041CU1
Acp(BT — K*tete™) —0.09 + 0.14 NODE=S5041CR2
Acp(BT — K*eTe™) —0.14 + 0.23 NODE=5041CU2
Acp(BT — K*ptu™) —0.12 £ 0.24 NODE=S041CU3
Re(ego)/(1+]e go[2) (=024 0.7)x 1073 NODE=S042EPS;— UNCHECKED —OUR
AT/cP 0.005 + 0.018 NODE=5042Y3
Acp(BY — D*(2010) D) 0.037 + 0.034 NODE=S042AC4
Acp(BY — [KTK~]pK*(892)0) —0.45 + 0.23 NODE=5042AD3
Acp(BO — [KT 7~ ]pK*(892)0) —0.08 + 0.08 NODE=S042AD4
Acp(BO — o K*(892)0) 0.02 £ 0.23 NODE=S042CP4
Acp(BY — ' K3(1430)0) —0.19 + 0.17 NODE=5042CT?2
Acp(BY — 1 K3(1430)0) 0.14 £ 0.18 NODE=5042CT3



Acp(BY —
Acp(BY —
Acp(BY —
Acp(BO
Acp(8°
Acp(8°
Acp (B
Acp(BO
Acp(BO
Acp(8°
Acp (8
Acp(BY
Acp(BO
Acp(BO
Acp(BO
Acp(8°
Acp(8°
Acp (B
Acp(BO
Acp(BO
Acp(8°
Acp (B
Acp(8°
Acp (B
Acp(BO
Acp(BO
Acp(8°
Acp(8°
Acp (B
Acp(B°
Acp(B°
Acp(B°
Acp (B
Acp(8°
Acp (8
Acp(BO
Acp(BO
Acp(8°

1

l

l

Lol

A

el

Ll

Ll

Ll

K (1430)0
nK3(1430)°
by KT)
wK*O)
w(Km)E0)
wK5(1430)0)
Kta— 7r0)

p~KT)

p(1450)~ KT)
p(1700)~ KT)

KT 7= 70 nonresonant)
KOt )
K*(892)T 7 )
(Km)§Tr™)

(kKm0 x0)

Kk*0 7l_O)
K*(892)0 nt )
K*(892)0 p0)

k*0 £5(980))
K*tp™)

K*(892)0 K+ K™)
a; KT)

KO0 Kk0)

K*(892)0¢)
K*(892)0 K= 71)
#(Km)50)

¢ K3(1430)0)
K*(892)0)
K35(1430)0)
ptm7)

p= )

a1(1260)% 7 F)

by at)
pBK*(892)0)
pAT™)

K*0 ¢t )

K*0 et o)

K*¥0 it 1)

)
)

Cp+(2010)- D+
Cp+(2010)+ D~
CDH— D*— (
c, (B9 — p*t
c_ (BO _, p*t
s (BO . p*t

c (B9 — D*(2010)F D*(2010)
5 (B9 — D*(2010)* D*(2010)~ KQ
)

C (B9 —

D+ D~
Crpas)xo (
C (BO —

B0

(*) 10
DCPh

S (BO —

(*) 10
DCPh

BO — D*(2010)~ D)
BY — D*(2010)*t D7)

BO _ D*—‘,— D*—)

D*™)
D*™)
D*™)

K%)

- k0)
Dt D~

— J/p(1S)79)
D7) H)

DT} H)

Cyo 0 (B9 — KO=0)

€1 (958)

K (BO — 7/ (958)kY)

0.06 + 0.13
—0.07 £ 0.19
—0.07 £ 0.12
0.45 + 0.25
—0.07 £ 0.09
—0.37 £ 0.17
(0 £ 6) x 1072
0.20 + 0.11
—0.10 £ 0.33
—04+06
0.10 + 0.18
—0.01 £ 0.05
—0.22 £ 0.06
0.09 + 0.07
—0.15+0.11
—0.15 + 0.13
0.07 + 0.05
—0.06 + 0.09
0.07 + 0.10
0.21 + 0.15
0.01 + 0.05
—0.16 & 0.12
—0.6+0.7
0.01 + 0.05
02404

0.20 + 0.15
—0.08 £ 0.13
—0.002 + 0.015
—0.08 +0.15
0.08 + 0.12 (S = 2.0)
—0.16 £ 0.23 (S = 1.7)
—0.07 £ 0.06
—0.05 + 0.10
0.05 + 0.12
0.04 + 0.07
—0.05 £ 0.10
—0.21 £ 0.19
—0.07 £ 0.04
—0.01+0.11

0.00 £ 0.13 (S = 1.3)
0.01 4+ 0.09 (S = 1.6)
0.00 £ 0.10 (S = 1.6)
0.19 + 0.31

0.1+ 1.6 (S =35)
0.01 + 0.29

01404

—0.46 £ 0.21 (S = 1.8)
~0.13+0.13

—0.23 £ 0.16
—0.56 £+ 0.24

0.00 £ 0.13 (S = 1.4)
—0.04 +0.20 (S = 2.5)
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NODE=S042AD1
NODE=S042AD2
NODE=5042CQ2
NODE=5042CQ8
NODE=S042CRO0
NODE=S042CR1

NODE=S042AC7
NODE=S042AC6
NODE=5042CT4
NODE=S042CT5
NODE=S042CQ5
NODE=5042CQ9
NODE=S042AC3
NODE=5042CQ6
NODE=5042CQ7
NODE=5042CQ4
NODE=S042CP6
NODE=S042AC9
NODE=S042AD0
NODE=5042CT6
NODE=S042CP7
NODE=5042CQ1
NODE=S042CP5

NODE=S042AC1

NODE=5042CP8
NODE=5042CP2

NODE=S042CP3
NODE=S042AKG
NODE=S042AC8
NODE=S042AC5

NODE=S042AC0
NODE=S042AAP
NODE=5042CQ3
NODE=5042CQ0
NODE=S042CLP
NODE=S042CT1
NODE=5042CU0
NODE=S042CU1
NODE=S042CPJ

NODE=S042CPK

NODE=S042LD1
NODE=5042CD+
NODE=S042CD-
NODE=S5042SD-
NODE=S042CDS
NODE=5042SDS
NODE=S042CPD
NODE=S042CPL

NODE=S042CDH
NODE=S042SDH

NODE=S042CKP
NODE=S042Y1
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S 0
17/(958) K2

Cy o (B — 1K)

c kY (B9 — wkQ)

(B — 1/(958) K2)

wKO (BO — ng)

C(B0 — K%WOWO)

S(BO _ ngowo)

¢ O KY (8% — Ok
oKo (B0 — p0kQ)

c KO (BY — f5(980) kQ)

£,(980

0_, 0
S1(980) KO (B 0(980) K2)

0 0
Sp(1270) KO (BO — £(1270) k)

C (BO — £(1270)KQ)

£(1270) K2

- 0
S (1300) Ko (B9 — £,(1300)kQ)

_, 0
€f.(1300) KO (B9 — £,(1300)K)

(BO — KOpt o~ nonresonant)
(BO — KOgt o~ nonresonant)

SK07T+7T_
CK07T+7r_O 0 0
CK‘}K% (BY — KSKS)

0 0 k0

c B0 — K+K—K(5>

S

K+ K=K (
nonresonant)

K+ K- K% (BO - KTK— K% inclusive)

Cony (BY = @KS)

5¢K05 (
Cig kg ks (B = KsKsKs)

Skg kg Kg (B = KsKsKs)
0 0.0
CK%TK'O’)/(B - K57T 7)

Cc

B—>¢K)

SKgWO»y(BO — K%r0y)
(B9 — K*(892)0)
K+(802)0 (B — K*(892)%)

CKoy (B0 — nKOv)

C
S

K*(892)0+

(B — nkOy)
Kod, (BO_’ K0¢'Y)
K0¢ (BO—> KO¢'Y)
aB® — K2 p0v)
58O — Kg 0)
c(BY — p0v)

S (B — p0v)

Crr (BO — 7ta7)

0 0)

0
C7r07r0(B — T

Cpﬂ_ (BO — pta)

SnKO~

Sy (BO = ptr7)

As,mr (B0 — pTa7)
070 (B0 — p0x9)
0)

C
p
0.0 (B0 — O

Cy o (BO — ay(1260)F 7))

am

0.43 £ 0.17 (S = 1.5)

—0.05 + 0.05
—0.30 £ 0.28 (S = 1.6)

0.43 £ 0.24

0.2£05
0.7 £ 0.7
—0.04 £ 0.20

10.17
0.50 1521

0.29 £ 0.20
—0.50 £ 0.16
—05+05
03+04
—02+05
0.13 £ 0.35

—0.01 £ 0.33
0.01 +0.26
00+04(S=14)

—-08+£05

0.06 + 0.08

0.01 £ 0.09
0.01 £ 0.14
0.59 +0.14

—0.23 £ 0.14
—0.5+ 0.6 (S = 3.0)
0.36 + 0.33

—-0.8+ 0.6

—0.04 £ 0.16 (S = 1.2)
—0.15 + 0.22
—03+04

~02+05

—03+£056

+0.7
0.7 ]

—0.05 £ 0.19
0.11 £ 0.34

04 +05
~0.8+07

—0.38 £ 0.15 (S = 2.4)
—0.43 + 0.24

0.01 + 0.14 (S = 1.9)
0.01 + 0.09

—0.05 £ 0.10

0.3+ 0.4

0.1+0.4

—0.05 £ 0.11
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NODE=S5042Y2

NODE=S042CEK
NODE=S042CW1

NODE=S50425W1

NODE=S042CK2
NODE=S0425SK2
NODE=S5042CX7

NODE=S042SX7
NODE=S042CF1
NODE=S042SF1
NODE=S042SF2
NODE=S042CF2
NODE=S042SF3
NODE=S042CF3

NODE=S5042SF4
NODE=S042CF4
NODE=5042CKS

NODE=S50425SKS

NODE=5042CX2

NODE=S042CKK
NODE=5042CX1
NODE=50425X1
NODE=5042CX5
NODE=50425X5
NODE=S042CKG
NODE=S042SKG

NODE=5042CX4
NODE=50425X4

NODE=S5042CEG
NODE=S042SEG

NODE=S042CPG
NODE=S042SPG
NODE=S042CKR

NODE=S042SKR

NODE=S5042CX8
NODE=S0425X8
NODE=S042CPI

NODE=S5042CX6

NODE=S042CRP
NODE=S042SRP
NODE=S042SDT
NODE=S042CRH
NODE=S042SRH

NODE=S042CAP
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Sam (B0 — a;(1260)t 7 7)
ACalﬂ(B — a1(1260) T 77)
alﬂ(B — a1(1260)t 77)
C (B9 — by K1)
AC (B — by )
o (B9 — p90)
50 _, ,0,0
5,00 ( p-p°)
Cop (BY — pTp7)
Spp (B — pTp7)
1A (B® — J/ywK*(892)0)
cos 28 (B0 — J/v K*(892)0)
cos 28 (B9 — [ng"'w_]D(*) hO)
S, +5_.)/2(B° - D*xt)

(

(S_ —5.)/2 (89 — D*xt)
(S4 +5_)/2(B% - D~at)
(S_ —5,)/2(B9— D~at)
(S4 +5_)/2 (89— D~ pt)
(

S_-5,)/2(BY— ppt)
<, K (B0 — n.KY)
(8O — cek(¥)0 )

(BO — J/9(nS)K9)

Cch( *)0

C1/0(08) KO
Cyppic0 (BY = J/wK0)
Sy k0 (B = J/wk*0)
“xeo kY (B~ oK)

S kY (BY — x0kY)

Xc0
C BO K9
Xcl K% ( Xel S)

sin(28,67) (B0 — ¢ KO)

sin(2065)(B0 — ¢ K§(1430)0)

sin(28f7)(BY — [K%w"‘w‘]D(*) H0)

A (BY — [kt ) h0)
|sin(28 + 7)|
28+

7(50 - poO K*O)

Acp(B — K*(892)7)

ACP(b g S’y)

Acp(b— (s+d)7)

Acp(B — Xsetem)

Acp(B — K¥eTe™)

Acp(B— K*ptpu™)

Acp(B — K*tte™)

Ac p(B — mnanything)

Re(eBg) /(@ + \EBSF)

CP Violation phase (¢

Acp(Bs — 7T K™)

Acp(BY — [KTK~]pK*(892)0)
Fnc(1
F(nc(1S

M(ne(1S

F(n (15 ?;K%)/rtotal

(e +@)/(a—@)inA— pr—, A — ﬁﬂ'—"_

T ]D(*

* 7 )/Tiotal
0 7r())/rtotal

S) —
) —
) — KTt K_)/rtotal
) —

—0.240.4 (S =32)
0.43 £ 0.14 (S = 1.3)

—0.11 £ 0.12
—0.22 £ 0.24
—1.04 £ 0.24
0.2+0.9

0.3 +0.7

—0.05 £ 0.13
—0.06 £ 0.17
<0.25, CL = 95%
17130 (s = 1.6)
101738 (s =13)
—0.039 £ 0.011
—0.009 + 0.015
—0.046 + 0.023
—0.022 £ 0.021
—0.024 + 0.032
—0.10 £ 0.06
0.08 + 0.13

(0.5 £ 1.7) x 1072
(0.5 4+ 2.0) x 1072

0.03 £ 0.10

0.60 + 0.25

+05
—03204

—0.7+£05
0.06 + 0.07

0.22 + 0.30

10.03
0.97 1552

0.45 £ 0.28
1.01 £+ 0.08

>0.40, CL = 90%
(83 + 60)°

(162 + 60)°
—0.003 £ 0.017
—0.008 + 0.029
—0.01 £ 0.05
—0.22+0.26
~0.18 £ 0.15
—0.03+0.13

—0.04 £ 0.07

+0.04
—0.13 745

(-43+1.4)x1073

(4719) x 102
0.29 + 0.07
0.04 + 0.16

<1.1x 10™4, CL = 90%
<3.5x 10™°, CL = 90%
<6 x 104, CL = 90%

<3.1x 1074, CL = 90%

0.006 £ 0.021
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NODE=S042SAP
NODE=S042CDA
NODE=S042SDA
NODE=S042CAQ
NODE=S042SDB
NODE=5042CX9

NODE=S50425X9

NODE=S042CRR
NODE=S042SRR
NODE=S5042LD9
NODE=S042CJ1
NODE=5042CJ2
NODE=S5042LD3
NODE=S042LD4
NODE=S042LD5
NODE=S042LD6
NODE=S042DR+
NODE=S042DR-
NODE=S042CEC

NOEI\D/ETSO42CCC;—> UNCHECKED «—;0OUR

NODE=S042CJK;— UNCHECKED «+;OUR
EVAL

NODE=5042CJS

NODE=50425JS

NODE=5042CC2

NODE=S042SC2
NODE=5042CC1

NODE=S042BTF
NODE=S042BFK

NODE=S042BTM
NODE=S042LDH

NODE=S042BGA
NODE=S5042BG0
NODE=S042GAM
NODE=S5049CP1
NODE=S5049CP2
NODE=S5049CP4
NODE=S5049CP3
NODE=5049CP6
NODE=S5049CP7
NODE=S5049CP5
NODE=S5049CP8

NODE=S086EPS;— UNCHECKED «+;OUR
EVAL

NOEI\D/EfSOS6PHS;—> UNCHECKED «+;0OUR
NODE=S086CP1

NODE=S086CP2

PAR=M026;DESIG=51
PAR=M026;DESIG=52
PAR=M026;DESIG=53
PAR=M026;DESIG=54

NODE=S018AL



[a(Z 7)o (M) =a(Z")ay ()]

[(Z7 ) (A)+a(Z+)ay (A)]

(a+a)/(a—a)in 2™ — AK—, QT —
AKT

(0 +@)/(a —a@)in AT — Azt AT —

A~

(o + @)/(x — @) in /\;" — /\e+ue, Z; —

We‘ﬁe
ACP(Ab — pm)

ACP(Ab — pK™)

(047) x 104

—0.02 £ 0.13

—0.07 £ 0.31

0.00 + 0.04

0.03 £0.18
0.37 £ 0.17

CP VIOLATION OBSERVED

Re(e)
charge asymmetry in K23 decays
A| = weighted average of A; (1) and
Ap(e)
ALp) =M@= ptuy,)
— (@t = w,)]/sum
Ap(e) = [M(r— et Ve)
— (=t e Tg)]/sum
parameters for K(L) — 27 decay
Ingo| = |A(KY — 2r0)/
AKQ — 270)|
‘77+_‘ = ‘A(K(L) — atax7) /)
A(K% — 7r+7r_)‘
el = @lny—| + [mo0l)/3
Im00/m4 |
Re(¢'/e) = (1~|ngo/n4—|)/3

Assuming CPT
¢>+_, phase of ny_
®0o. phase of ngq
be = (204 _ +d00)/3

Not assuming CPT
¢>+_, phase of ny_
®00g. phase of ngq
be = (204 _ +d00)/3

CP asymmetry A in K(L) — agta—ete™
Bcp from K(L) — ete ete™
vcp from K(L) — eTe ete™

parameters for K(L) — ata— ~ decay
4| = [AKY = 7ta=y, CP

vioIating)/A(Kg A )|

¢+_7 = phase of Mgy

r(K(Z — 7r+7r_)/rtota|

I'(K(Z — 7r07r0)/rtota|

Acp(BT = Dop(41)K™)

Asps(BT — DKT)

Acp(BT — nK™)

Acp(BT — £(1270)KT)

Acp(BT — pOkt)

Acp(BT — fy(1370) )

VBT = p(*)0 K(*)"")

(h]
(h]

(1.596 + 0.013) x 10~3

(0.332 + 0.006)%

(0.304 £ 0.025)%

(0.334 £ 0.007)%

(2.220 4+ 0.011) x 1073 (S = 1.8)
(2.232 + 0.011) x 1073 (S = 1.8)

(2.228 4+ 0.011) x 1073 (S = 1.8)
0.9950 = 0.0007 (S = 1.6)
(1.66 + 0.23) x 1073 (S = 1.6)

(43.51 4 0.05)° (S = 1.2)
(43.52 £ 0.05)° (S = 1.3)
(43.52 £ 0.05)° (S = 1.2)

43.4 + 0.5)° (S = 1.2)
43.7 £ 0.6)° (S = 1.2)
43.5 £ 0.5)° (S = 1.3)
13.7 £ 1.5)%

—0.19 £ 0.07

0.01 £+ 0.11 (S = 1.6)

—_~ o~ o~ o~

(2.35 + 0.07) x 10~3

(44 + 4)°

(1.967 + 0.010) x 10~3 (S = 1.5)
(8.64 & 0.06) x 10~ 4 (S = 1.8)
0.170 + 0.033 (S = 1.2)

—0.52 £ 0.15

—0.37 £ 0.08

+0.19
—0.68 417

0.37 £ 0.10
0.72 + 0.22
(72 + 11)°
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NODE=S022ACP

NODE=S024ALD

NODE=S033AC1

NODE=S033ACP

NODE=S040CP1
NODE=S040CP2

CONLAW=CPV

NODE=S011REP

NODE=S013310
NODE=S013AL

NODE=S013A1

NODE=S013A2

NODE=5013315
NODE=S013E00

NODE=S013E+-

NODE=S013EP
NODE=S013ER

NODE=S013EPS
NODE=S013F+-

NODE=S013F+-
NODE=S013FOO

NODE=S013EPH
NODE=S013F+2

NOEI\D//I§f5013F+2;—> UNCHECKED «+;0UR
NODE=S013FO2;— UNCHECKED «+;OUR
NODE=S013EP1;— UNCHECKED «;OUR
NODE=S013DPA
NODE=S013BCP
NODE=S013GCP

NODE=S5013307
NODE=S013E+G

NODE=S013P+G
PAR=S013;DESIG=5
PAR=S013;DESIG=11
NODE=S041AY3
NODE=S041AA1
NODE=S041CP3
NODE=S041CR0O
NODE=5041CQ6
NODE=S041CT5
NODE=S041GAM



Acp (BO — Kt77)
Acp(BY — 1K*(892)0)

0 * - p+
SD*(2010)_D+ (B¥ — D*(2010)~ DT)

0 * + pH—
SD*(2010)+ D- (BY — D*(2010)T D7)
SD*+ D*— (BO — D*t D*_)

S, (B9 — Dt p*7)

Spip- (B9 — DT D7)

S ) jp(15)m0 (B® = J/w(15)x0)

Sk0 .0 (B0 — KO0x0)

S,y ko (B9 — ' KO)

Syt K- kY (B0 — KT K=K
nonresonant)

Syt K- Ko (BO — KT K~ K inclusive)

Sin (BO — 7tz 7)
ACP7T (BO — pta)

0_, 0
ST]CK% (B ncKS)

sin(28) (B9 — J/yKQ)

S 1 jns) Ko (B® = J/1(nS) KO)

5 B0 K9
Xcl K% ( o Xa S)
sin(28e4.)(BY — K+ K~ KQ)

Re(ep) / (1 + |ep|?)

—0.087 £ 0.008
0.19 £ 0.05
—0.72 £ 0.15

—0.73 £ 0.14

—0.59 £ 0.14 (S = 1.8)

—0.73 £ 0.09

+0.17
=099 514

—0.94 £ 0.29 (S = 1.9)
0.58 + 0.17

0.60 + 0.07

—0.66 + 0.11

—0.65 £ 0.12

—0.65 £+ 0.07
0.37 + 0.08

0.93 £ 0.17

0.682 £ 0.019
0.676 £+ 0.021

0.63 £ 0.10

+0.13
0.77_0.12
(90 + 5)°

(—2.0 + 0.5) x 10~3

CPT INVARIANCE

(mw+ - mW,) / Maverage
(me+ - me_) / Maverage
lag +a, |/e

(ge+ - ge,) / 8average
(7'“+
(g“+ - gu,) /gaverage

(m7—+ - mTf)/maverage

- 7—“7) / Taverage

my — mg

(mﬂ-# - mﬂ—) / Maverage

(TW+ - wa) / Taverage

(mK+ - me) / Maverage

(TK+ - TK—) / Taverage

KT = ,u:t Yy rate difference/average

Kt o 7570 rate difference/average

§in KO — KO mixing
real part of ¢
imaginary part of §

Re(y), K3 parameter

Re(x_), K3 parameter

‘mKO - m?0| / Maverage
(rKO - rKO)/'”average
phase difference ¢pg — ¢4 _
Re(3ny_ + ngo)-2F
Acpr(D® — K~ xt)

Ul

(K]

—0.002 + 0.007
<8x 1079, CL = 90%
<4 %1078

(0.5 +2.1) x 10712

(2 4+8) x 1075

(—0.11 £ 0.12) x 108
<2.8x 1074, CL = 90%
—0.6 £ 0.6 GeV (S = 1.2)
24+ 5)x1074

6+ 7) x 104
—0.6+1.8)x 1074
0.10 4 0.09)% (S = 1.2)
—0.5 4 0.4)%

0.8 + 1.2)%

~ o~ o~ o~ o~ o~

25+23)x 1074
~1.5+ 1.6) x 1072
0.4 +25)x 103
—2.9+20)x 103
<6 x 10719, CL = 90%
(8 £8)x10-18

(0.34 + 0.32)°

(-3 +£35)x 106
0.008 + 0.008

(
(
(
(
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NODE=S042ACP
NODE=S042CP1
NODE=S042SPJ

NODE=5042SPK

NODE=S042LD2
NODE=S042SD+
NODE=S042SPD
NODE=S042SPL

NODE=S042SKP
NODE=S042SEK

NODE=S50425X2

NODE=S042SKK

NODE=S042SPI
NODE=S042CDT

NODE=S042SEC

NOEI\D/ETSO42BET;—> UNCHECKED «+—;0OUR
NODE=S5042SJK;— UNCHECKED «—;0UR
EVAL

NODE=S0425C1

NODE=S042BTK

NODE=S042ALP
NODE=S051EPS

CONLAW=CPT

NODE=S043MDA;OUR EVAL
NODE=S003DM
NODE=S003DQ
NODE=S003MMR
NODE=S004DTT;OUR EVAL
NODE=S004MMR

NODE=S035MDF
NODE=QO007CPT
NODE=S008DM
NODE=S008DT
NODE=S010DMA;OUR EVAL
NODE=S010DT
NODE=S010D1

NODE=S010D4
NODE=S011DRE

NODE=S011DRE

NODE=S011DIM

NODE=S011YRE

NODE=S011XRM

NODE=S011DMM

NODE=S011DGM

NODE=S013DF1;— UNCHECKED «+;OUR

EVAL
NODE=S013CPT
NODE=S032CPT



+ —
A3Cpr By kg ~ Sy Ko
- +
AScpr (5,4 Ko~ Sp KQS)
+ - +
ACopr (€ Ko Cor Kg)
ACE*PT(C4+7KOS - C;+,Kg)
‘m p|/m
fa
|m—| my) m,
lap + qﬁ\/e
pp + up / bp

mp — mgp )/ mp
my — mz) / m4

A= T/ TA

)

(

(

(

(

(Tz+ f—)/72+
(hyy + 05/ sy
(m _ - m§+) / m=_
( — ’T_+) / T

(
(
(

~ tu=y) /Iu_ \

T

I

mo- — mgs) [ Mo
To- T ")/ To-

Ul

[

0.16 £ 0.23
—0.03 £ 0.14
0.14 £ 0.17
0.03 £ 0.14

<2x1079, CL = 90%
(-9 +9)x 1011
<2x 1079, CL = 90%
(0 £ 5) x 1070

(9 4 6) x 10~°
(—0.1+1.1)x 107> (S = 1.6)
—0.001 + 0.009

(—0.6 +1.2) x 1073
0.014 + 0.015
(-3+£9)x107°
—0.01 + 0.07

4+0.01 & 0.05
(—1+8)x107°

0.00 + 0.05

TESTS OF NUMBER CONSERVATION LAWS

LEPTON FAMILY NUMBER

Lepton family number conservation means separate conservation

of each of L, L, L

rz— e ”$)/rtotal
NzZ— e T¥)/I'tota|
rZ— p 7'¥)/rtotal
(eTe™ — ei7¥)/ o(ete™

pt )

o

olete™ — /J,:tT:F) / oleTe™

pt )
limit on 4~ — e~ conversion
o(u™ 35 — e732)

—

—

o(u~ 32g _, V,LL32P*)

o(p~ Ti— e Ti)/
o(p~ Ti — capture)

o(p~ Pb— e~ Pb)/
o(p~ Pb — capture)

limit on muonium — antimuonium

conversion R =G¢c / GF

-

N
T — e~ WO)/rtota|
—

v 7r())/rtotal

-

T

Mp™ — e Ve”u)/rtotal
Fue™ — e 7)/Tiotal
Mp~ — e et e )/Tiotal
M~ — e 29)/Tiotal
M= — e~ 7)/Tiotal
r(=— 7 “/)/rtotal

(

(

[n]
[n]
[n]

<1.7x 1076, CL = 95%
<9.8x 1070, CL = 95%
<12 x107%, CL = 95%
<8.9x 1070, CL = 95%

<4.0x 1070, CL = 95%

<7x 10711 CL = 90%

<43 x 10712 CL = 90%
<46 x 10711 CL = 90%
<0.0030, CL = 90%

<1.2x 1072, CL = 90%
<2.4x10712 CL = 90%
<1.0x 10712 cL = 90%
<72x 10711 cL = 90%
<33 %1078, CL = 90%
<4.4x 1078, CL = 90%
<8.0 x 1078, CL = 90%
<1.1x10~7, CL = 90%
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NODE=S042TVI
NODE=S042TVJ
NODE=S042TVK
NODE=S042TVL

NODE=S016DM
NODE=S016DMM;0OUR EVAL

NODE=S016DQ2
NODE=S016MMD
NODE=S017DMM;OUR EVAL
NODE=S018DM
NODE=S018DT
NODE=S019DT
NODE=S019MMD
NODE=S022DMM
NODE=S022DT

NODE=S022MMD;— UNCHECKED «;OUR
EVAL

NODE=S024DMM

NCI)EIg_IIE_:SO24TD;—> UNCHECKED «—;OUR

CONLAW=LF

PAR=S044;DESIG=5
PAR=S044;DESIG=25
PAR=S044;DESIG=26
NODE=S003RET

NODE=S003RMT

NODE=5004245
NODE=S004RE

NODE=S004RG

NODE=S004RH

NODE=5004MC

PAR=S004;DESIG=3
PAR=S004;DESIG=4
PAR=S004;DESIG=5
PAR=S004;DESIG=6
PAR=S035;DESIG=32
PAR=S035;DESIG=31
PAR=S035;DESIG=40
PAR=S035;DESIG=39



Mr= — e~ K?;)/rtotal

Mrr= — u~ K%)/rtotal

N(r™ — e 1)/Total

rr~ — 1~ 0)/Tiotal

Fr~ — e p9)/Tiotal

MNr= — u— PO)/rtotal

Mr~ — e~ w)/Tiotal

rr~ — p~ w)/Total

M= — e~ K*(892)0)/rtota|
Mr= — p— K*(ng)o)/rtota|
rr= — e_?*(892)0)/rtota|
rr— — p~ 7*(892)0)/rtota|
MNr= — e~ 77/(958))/rtota|
(= — 1= 7' (958))/Tiotal
Mt~ — e £(980) — e~ 7T 77) Tiotal
M(r= — p= £(980) — p~ 7T 77)/Tiotal
M~ — e ¢)/Tiotal

Nt~ — 1= ¢)/Tiotal

Fr= — e~ et e )/Tiotal
== — e ut 27 )/ Teotal
rr— — etpu~ 1)/ Tiotal
Mrr= — u~ et e_)/rtotal
rr— — pte e )/Ttotal
Fr= — o=t u7)/Tiotal
Mr~ — e T 77)/Tiotal
rr— — p—at 7™ )/Ttotal
M~ — e 7" K7)/Tiotal
Mr~ — e 7" KT)/Tiotal
rr— — e~ Kg K%)/rtotal
|—(7_— — e K+ K_)/rtotal
rr— — p—nt K™)/Tiotal
|—(7_— — uom K+)/rtota|
r(T— — u K% Kcs)')/rtotc'ﬂ
Mr= — p— KT K_)/rtotal
Fr= — e 71970)/Fgtal
r(r= — u a0 7T0)/rtotal
= — e 1m)/Tiotal

= — u= 9m)/Tiotal

rr= — e~ 7T077)/rtota|
M= — u™ 0 m/Tiotal
F(t— — e light boson) /Iyt
F(t— — p~ light boson)/T'qi

<2.6 x 1078, CL = 90%
<23 %1078, CL = 90%
<9.2 x 1078, CL = 90%
<6.5x 1078, CL = 90%
<1.8x 1078, CL = 90%
<1.2 x 1078, CL = 90%
<4.8x 1078, CL = 90%
<47 x 1078, CL = 90%
<32 x 1078, CL = 90%
<5.9 x 1078, CL = 90%
<3.4 x 1078, CL = 90%
<7.0x 1078, CL = 90%
<1.6 x 10~7, CL = 90%
<1.3x 10~ 7, CL = 90%
<3.2x 1078, CL = 90%
<3.4 x 1078, CL = 90%
<3.1x 1078, CL = 90%
<8.4x 1078, CL = 90%
<27 x 1078, CL = 90%
<2.7x 1078, CL = 90%
<1.7 x 1078, CL = 90%
<1.8x 1078, CL = 90%
<1.5x 1078, CL = 90%
<2.1x 1078, CL = 90%
<23 %1078, CL = 90%
<2.1x 1078, CL = 90%
<3.7x 1078, CL = 90%
<3.1x 1078, CL = 90%
<7.1x 1078, CL = 90%
<3.4x 1078, CL = 90%
<8.6 x 1078, CL = 90%
<45 %1078, CL = 90%
<8.0 x 1078, CL = 90%
<4.4 x 1078, CL = 90%
<6.5x 1070, CL = 90%
<1.4 x10™°, CL = 90%
<35 x 1072, CL = 90%
<6.0 x 10™°, CL = 90%
<2.4x 1072, CL = 90%
<22 x107°, CL = 90%
<27 %1073, CL = 95%
<5x 1073, CL = 95%

LEPTON FAMILY NUMBER VIOLATION IN NEUTRINOS

Solar Neutrinos
sin2(2615)
2
Am21
Atmospheric Neutrinos
sin2(2023)
2
Am32
Reactor Neutrinos
sin(2613)
T “+Ve)/rtota|
T = p~etet v)/Tiotal
0
0
0

[p]
[4]

0.857 + 0.024
(7.50 + 0.20) x 1072 eV2

>0.95
(2321312) x 1073 V2

0.095 + 0.010
<8.0x 1073, CL = 90%
<1.6 x 1079, CL = 90%
<3.8x 10710, cL = 90%
<3.4x 1079, CL = 90%
<3.6 x 10710, cL = 90%
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PAR=S035;DESIG=42
PAR=S035;DESIG=41
PAR=S035;DESIG=67
PAR=S035;DESIG=114
PAR=S035;DESIG=44
PAR=S035;DESIG=43
PAR=S035;DESIG=305
PAR=S035;DESIG=306
PAR=S035;DESIG=53
PAR=S035;DESIG=54
PAR=S035;DESIG=131
PAR=S035;DESIG=132
PAR=S035;DESIG=292
PAR=S035;DESIG=293
PAR=S035;DESIG=307
PAR=S035;DESIG=308
PAR=S035;DESIG=255
PAR=S035;DESIG=256
PAR=S035;DESIG=38
PAR=S035;DESIG=36
PAR=S035;DESIG=55
PAR=S035;DESIG=37
PAR=S035;DESIG=56
PAR=S035;DESIG=35
PAR=S035;DESIG=45
PAR=S035;DESIG=47
PAR=S035;DESIG=49
PAR=S035;DESIG=77
PAR=S035;DESIG=288
PAR=S035;DESIG=251
PAR=S035;DESIG=51
PAR=S035;DESIG=78
PAR=S035;DESIG=289
PAR=S035;DESIG=253
PAR=S035;DESIG=224
PAR=S035;DESIG=225
PAR=S035;DESIG=226
PAR=S035;DESIG=227
PAR=S035;DESIG=228
PAR=S035;DESIG=229
PAR=S035;DESIG=102

PAR=S035;DESIG=103
NODE=S067T12

NODE=S5067T12
NODE=5067DM3
NODE=5067T23
NODE=5067T23
NODE=5067DM1
NODE=S5067T13
NODE=S067T13
PAR=S008;DESIG=8
PAR=5008;DESIG=9
PAR=5000;DESIG=14
PAR=S009;DESIG=22
PAR=S009;DESIG=8
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Fn— :U'+ e + u e+)/rtota|
r n/(958) — en)/Tiotal
M(¢(1020) — & uF)/Toral

<6 x 1079, CL = 90%
<4.7 x 104, CL = 90%
<2x 1076, cL = 90%
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PAR=S014;DESIG=20
PAR=MO002;DESIG=27
PAR=MO004;DESIG=258

NKT — p=vete)/Tiotal <2.1x1078, CL = 90% PAR=S010;DESIG=31
FKT = 1) /Miotal [r] <4x1073, CL=90% PAR=S010;DESIG=34
Mkt — atute™)/Miotal <1.3x 10711, CL = 90% PAR=5010;DESIG=29
MKt = 7t p=eT)/MNigtal <5.2x 10710, CL = 90% PAR=S010;DESIG=25
MK — e 1) /Mioral [n] <4.7x10712, CL = 90% PAR=5013;DESIG=8
MK = eF ety 1) /Mgl [n] <4.12x 1011 CL = 90% PAR=5013;DESIG=24
F(K9 — 70p® eF)/Migral [n] <7.6x 1011, CL = 90% PAR=S013;DESIG=36
r(K9 — 7070 % eF)/Migal <1.7x 10710, cL = 90% PAR=5013;DESIG=53
DT — et u™)/Miotal <2.9x107%, CL = 90% PAR=S031;DESIG=110
r(ot — ate  uh)/Miotal <3.6 x 1075, CL = 90% PAR=S031;DESIG=111
(Dt — Ktet u™)/Miotal <1.2x1075, cL = 90% PAR=S031;DESIG=115
r(0t — kKte pu)/Tiotal <2.8x 1079, CL = 90% PAR=S031;DESIG=116
r(D0 — uFeF)/Moral [n] <2.6 x 1077, CL = 90% PAR=5032;DESIG=40
r(D% — n0e® 1 F)/rytal [n] <8.6x107>, CL = 90% PAR=5032;DESIG=234
r(D0 — ne® uF)/Miotal [n] <1.0x 1074, CL = 90% PAR=5032; DESIG=235
r(D0 — 77~ et uF)/Mioral [n] <1.5x 1072, CL = 90% PAR=5032; DESIG=268
r(D0 — pOe* 1) /Moral [n] <4.9x 1072, CL = 90% PAR=5032; DESIG=236
r(0% — we uF)/Miotal [n] <12x1074 CL = 90% PAR=5032;DESIG=237
r(D0 — K=Kt etuF)/Miotal [n] <1.8x 1074, CL = 90% PAR=5032; DESIG=270
r(D0 — ¢etpuF)/Miotal [n] <3.4x1072, CL = 90% PAR=5032; DESIG=238
r(D% — KOe® uF)/Moal [n] <1.0x10™4, CL = 90% PAR=5032;DESIG=239
r(0% — K= nte® 1 F)/Moral [n] <5.53x 104, CL = 90% PAR=5032;DESIG=269
r(D0 — K*(892)0e® uF) /My opal [n] <83 %1072, CL = 90% PAR=5032; DESIG=240
r(0T — et u™)/Miotal <12x1075, CL = 90% PAR=S034;DESIG=156

_|
O

mte” “+)/rtotal
Ktet #7)/Ttotal
Kte™ “+)/rtota|

=

=

CIC
totuietes
1

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

(BT — atet u™)/Niotal

r(Bt — ate ut)/Miotal

rBet — 7r+e:tu$)/rtota|

ret — 7r+e+7'_)/rtota|

BT — nte™ r+)/rtota|

ret — =t eiﬁ)/"mm

rBet — 7r+u+'r_)/|_tota|

ret — 7r+y,_ r+)/rtota|

ret — 7r+u:|:7':':)/rtota|

BT — KTetu™)/Tiotal
BT — Kte ut)/Motal
rBt — ktetuF)/Miotal
rBT — KTeT77)/Miotal

rBt — Kte 1) /Miotal

ret — KtetrF)/Motal

r(Bt — KTut77)/Tiotal
rBt — KTu™ 7)) /Tiotal
ret — KtuErF)/Mioal
r(BT — K*(892)T e 1™)/Tiotal
r(B+t — K*(892)t e~ u)/Miotal
r(Bt — K*(892)% eT uF)/Miotal
(g0 — e* 1)/ Total

r(8% — =0 ei“:F)/rtotal

rg% — KO E':l:/ﬂ:)/rtotal

r(BY — K*(892)0et 1) /Tyoral
r(B0 — K*(892)0e™ uT)/Tyoral

<2.0 x 10™°, CL = 90%
<1.4 x107%, CL = 90%
<9.7x 1076, CL = 90%
<6.4 x 1073, CL = 90%
<6.4 x 1073, CL = 90%
<1.7 x 1077, CL = 90%
<7.4 x107%, CL = 90%
<2.0 x 10™°, CL = 90%
<75 x 1072, CL = 90%
<6.2 x 1072, CL = 90%
<45 x 1072, CL = 90%
<7.2x 1072, CL = 90%
<9.1x 1078, CL = 90%
<13 x 1077, CL = 90%
<9.1 x 1078, CL = 90%
<43 x 1072, CL = 90%
<15 x 1072, CL = 90%
<3.0 x 1072, CL = 90%
<45 x 10™°, CL = 90%
<2.8 x 1072, CL = 90%
<4.8 x 1072, CL = 90%
<13 x 1070, CL = 90%
<9.9 x 1077, CL = 90%
<1.4x 1076, CL = 90%
<6.4 x 1078, CL = 90%
<1.4x10~7, CL = 90%
<27 %1077, CL = 90%
<53 x10~7, CL = 90%
<3.4x10~7, CL = 90%

PAR=S034;DESIG=157
PAR=S034;DESIG=158
PAR=S034;DESIG=159
PAR=S041;DESIG=86
PAR=S041;DESIG=87
PAR=S041;DESIG=476
PAR=S041;DESIG=586
PAR=S041;DESIG=587
PAR=S041;DESIG=588
PAR=S041;DESIG=589
PAR=S041;DESIG=590
PAR=S041;DESIG=591
PAR=S041;DESIG=89
PAR=S041;DESIG=90
PAR=S041;DESIG=446
PAR=S041;DESIG=592
PAR=S041;DESIG=593
PAR=S041;DESIG=594
PAR=S041;DESIG=595
PAR=S041;DESIG=596
PAR=S041;DESIG=486
PAR=S041;DESIG=447
PAR=S041;DESIG=448
PAR=S041;DESIG=296
PAR=S042;DESIG=8
PAR=S042;DESIG=383
PAR=S042;DESIG=221
PAR=S042;DESIG=334
PAR=S042;DESIG=335



r

-

BO — eFrF)/Mioal
B0 — “i 7—$)/rtota|
B — se “:F)/rtotal

-1 T

B— me “$)/rtotal
B — pe “$)/rtotal
B— Ket “:F)/rtotal
B — K*(892)e )/ Tiotal
52 - € “$)/rtotal

(
(
(
(
(
(
(
(
(
rJ/¢(1s) — e l‘$)/rtotal
(
(
(
(
(
(
(
(
(

=

r
r

-

r(J/¢¥(1S) — e HE)/rtotal

BO K*(892) + 1F) Tiotal

(1]
[n]

[n]

<5.8x 10~ 7, CL = 90%
<2.8 x 1072, CL = 90%
<22 x107°, CL = 90%
<2.2x 1072, CL = 90%
<9.2 x 1078, CL = 90%
<3.2x 1076, CL = 90%
<3.8x 1078, CL = 90%
<5.1x10~7, CL = 90%
<2.0 x 10~7, CL = 90%
<1.1x 1076, CL = 90%
<83 x 1070, CL = 90%
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PAR=S042;DESIG=222
PAR=S042;DESIG=121
PAR=S042;DESIG=122
PAR=S049;DESIG=33
PAR=S049;DESIG=243
PAR=S049;DESIG=244
PAR=S049;DESIG=241
PAR=S049;DESIG=242
PAR=S086;DESIG=23
PAR=MO070;DESIG=177
PAR=MO070;DESIG=178

F(J/(1S) — I E7F) M iotal <2.0 x 1076, CL = 90% PAR=M070;DESIG=179
r(r@as) — ok TJF)/rtotal <6.0 x 1076, CL = 95% PAR=M049;DESIG=116
N(T2S) — eE7F)/Tiotal <32x 1075, CL = 90% PAR=M052;DESIG=107
r(r@s) — ui ) /Tiotal <33x107%, CL = 90% PAR=M052;DESIG=104
N(T(3S) — eX7F)/Miotal <4.2x1076, CL = 90% PAR=M048;DESIG=111
M(T(3S) — uE7F)/Motal <3.1x 1075, CL = 90% PAR=M048;DESIG=105
FAL = pet i)/ Miotal <9.9 x 1076, CL = 90% PAR=5033;DESIG=109
FAL = pe™ ut)/Mioal <1.9 x 1072, CL = 90% PAR=5033;DESIG=110

TOTAL LEPTON NUMBER

Violation of total lepton number conservation also implies violation
of lepton family number conservation.

r(Z — pe)/Tiotal
r(z - PM)/rtotaI

limit on p= — et conversion
O'(,LL_32S—> e+32Si*)/

<1.8x107%, CL = 95%
<1.8x 1070, CL = 95%

<9x 10710 CL = 90%

CONLAW=L

PAR=S044;DESIG=71
PAR=S044;DESIG=72

NODE=5004250
NODE=S004RP1

Page 16

O’(u_325—> V,LL32P*)
U(:U'_ 127| N e+ 127Sb*)/
o(p™ 27 anything)

<3x10710 CcL = 90% NODE=S004RP2

o(p~ Ti— et Ca)/
o(u™ Ti — capture)

MNr— — e+7r_7r_)/|_tota|
Nr— — ,u,+7r_7r_)/rtota|
Nr— — etn— K™)/Tiotal
rr~ — et K~ K™)/Tiotal
rr— — ptn™ K™)/Tiotal
M — whK™ K™)/Ttotal
T~ — PY)/Tiotal

M= = p7%)/Toma)

M~ = p2m°)/Tioal
T~ — Pn)/Tiotal

M~ = P00/ Mo
M~ — An7)/Tiotal

N(r~ = Ar7)/Tiotal

t1/2( 76Ge — 70Se 4 2 e~ )

rr+ — u+ﬁ )/rtotal
(Kt — npte )/rtotal
(KT — 7~ etel)/Niotal
(K+ - 7T_:u—i_:u—i_)/rtotal
Mkt — “+ve)/rtotal
(KT — ﬂoe—i—pe)/rtotal
(Dt — 77 2e1)/Tiotal
(DT — 7r_21“—i_)/rtotal

(r]

<3.6x 10711 CL = 90%

<2.0x 1078, CL = 90%
<3.9 x 1078, CL = 90%
<3.2x 1078, CL = 90%
<33 %1078, CL = 90%
<4.8x 1078, CL = 90%
<4.7 x 1078, CL = 90%
<35x 1070, CL = 90%
<15 x 1072, CL = 90%
<3.3x 1072, CL = 90%
<8.9 x 1070, CL = 90%
<27 x107°, CL = 90%
<7.2x 1078, CL = 90%
<1.4x 10~ 7, CL = 90%

>1.9 x 1025 yr, CL = 90%

<1.5x 1073, CL = 90%
<5.0x 10710, cL = 90%
<6.4x 10710, cL = 90%
<1.1x 1079, CL = 90%
<33 x 1073, CL = 90%
<3 x 1073, CL = 90%
<1.1x 1076, CL = 90%
<2.0 x 1079, CL = 90%

NODE=S004RP4

PAR=S035;DESIG=46
PAR=S035;DESIG=48
PAR=S035;DESIG=50
PAR=S035;DESIG=252
PAR=S035;DESIG=52
PAR=S035;DESIG=254
PAR=S035;DESIG=104
PAR=S035;DESIG=105
PAR=S035;DESIG=268
PAR=S035;DESIG=106
PAR=S035;DESIG=269
PAR=S035;DESIG=297
PAR=S035;DESIG=298

NODE=S076HCL;— UNCHECKED «+;OUR
EVAL

PAR=S008;DESIG=7
PAR=S010;DESIG=45
PAR=S010;DESIG=19
PAR=S010;DESIG=46
PAR=S010;DESIG=35
PAR=S010;DESIG=36
PAR=S031;DESIG=117
PAR=S031;DESIG=118
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DT — 7~ et 1)/ Tiotal <2.0 x 1079, CL = 90% PAR=S031;DESIG=119
r(DF — p~2u")/Tiotal <5.6 x 1074, CL = 90% PAR=S031;DESIG=199
(0T — K=2e1)/Miotal <9x 1077, CL = 90% PAR:SO31iDESIG:120
(0t — K= 2ut)/Miotal <1.0x 1075, CL = 90% PAR:SO31iDESIG:121
r(0t — K= et u®)/Tiotal <1.9x 1075, CL = 90% PAR:SO31iDESIG:122
r(DF — K*(892)~2uT)/Tiopal <85 x 1074, CL = 90% PAR:SO31iDESIG:2OO
r(D% — 27~ 2et + c.c.)/Tioal <112 x 1074, CL = 90% PAR:SO32iDESIG:253
r(D0 — 27~ 24t + c.c)/Tyotal <2.9 x 1072, CL = 90% PAR—S032 DESIG—254
r(0% — K=7~2et + c.c.)/Tyotal <2.06 x 1074, CL = 90% PAR:SO32iDESIG:255
r(0% — K= 7~ 2ut + c.e.)/Tyotal <3.9 x 1074, CL = 90% PAR—S032DESIG=256
r(D% — 2K~ 2et + c.c.)/Tiotal <1.52 x 1074, CL = 90% PAR—S032,DESIG=257
r(0% — 2K~ 2t + c.c)/Tiotal <9.4 x 1072, CL = 90% PAR—S032DESIG=258
r(D% — 7= 7~ et ut + cc)/Miotal <7.9 %1079, CL = 90% PAR—S032:DESIG—250
r(0% — k= n~etput + cc)/Miotal <2.18 x 1074, CL = 90% PAR:SO32;DESIG:260
r(D% — 2K~ et ut + c.c.)/Tiotal <5.7x 1072, CL = 90% PAR=S032;DESIG=261
F(Dg — pe”)/Tiotal [s] <1.0x 1075, CL = 90% PAR=S032;DESIG=387
I‘(D+—> pej)/rtota| [t] <1.1x107>, CL = 90% PAR=S032; DESIG=388
[ — 77 2e™)/Tiotal <4.1x1076, cL = 90% PAR=S5034;DESIG=97

r(DF — 77 2u%)/Migtal <14 x 1072, CL = 90% PAR=5034;DESIG=76

r(DF — 7= et u®)/Tiotal <8.4 %1075, cL = 90% PAR=5034;DESIG=98

r(DF — K™ 2eT)/Tppal <5.2x 1076, CL = 90% PAR=5034;DESIG=99

r(DF — K= 2uF)/Tiotal <13 x 1072, CL = 90% PAR=5034;DESIG=77

r(Df — K= et uh) /Mol <6.1x1076, CL = 90% PAR=S5034;DESIG=100
r(DF — K*(892)~ 2uF)/Tioral <14 x 1073, CL = 90% PAR=5034;DESIG=78

(BT — 7 et e)/Tiotal <23 %1078, CL = 90% PAR=S041;DESIG=91

BT — 7w uh)/Tiotal <13x 1078, CL = 95% PAR=S041;DESIG=93

(BT — 7= et u™)/Tiotal <1.3x107%, cL = 90% PAR=S041;DESIG=92

BT — p~ete™)/Tiotal <2.6 x 107°, CL = 90% PAR=S041;DESIG=291
(BT — p~ T 1) /Miotal <5.0 x 1076, cL = 90% PAR=S041;DESIG=295
BT — p~ et u™)/Tiotal <33x107%, CL = 90% PAR=S041;DESIG=294
(Bt — K= et eT)/Miotal <3.0x 1078, CL = 90% PAR=S041;DESIG=94

ret — K= utuh)/Motal <4.1x 1078, CL = 90% PAR=S041;DESIG=96

r(Bt — K= et ut)/Tiotal <2.0 x 1079, CL = 90% PAR:SO41;DESIG:95

r(et — K*(892)~ et et)/Motal <2.8x 1076, CL = 90% PAR=S041;DESIG=290
r(BT — K*(892)™ ' uT)/Tiotal <83 x 1079, CL = 90% PAR=S041;DESIG=292
r(8t — K*(892)~ et ut)/Miotal <4.4 x 1075, CL = 90% PAR=S041;DESIG=293
(Bt — D™ eTe®)/Tiotal <2.6 x 107%, CL = 90% PAR=S041;DESIG=572
NBT — D™ et u™)/Miotal <1.8x 1075, cL = 90% PAR=S041;DESIG=573
(Bt — D= ut ut)/Miotal <6.9x 1077, CL = 95% PAR=S5041;DESIG=574
N(BT — D*= ptut)/Tital <24 %1076, CL = 95% PAR=S041;DESIG=604
M(BT — D2 pt ut)/Migal <5.8x 1077, CL = 95% PAR=S041;DESIG=605
rBt — DOn—putut)/Miotal <15x 1075, CL = 95% PAR=S5041;DESIG=606
rB+t — AOut)/Motal <6 x 1078, CL = 90% PAR=5041; DESIG=567
ret — fo et) /Tiotal <3.2x 1078, CL = 90% PAR=5041; DESIG=568
ret — folﬁ)/rtom <6 x 1078, CL = 90% PAR=5041;DESIG=569
r(Bt — A%et)/Mial <8x 1078, CL = 90% PAR=S041;DESIG=570
r(BY — AT u™)/Miotal <1.8x 1075, cL = 90% PAR=5042;DESIG=491
r(B% — At e™)/Tiotal <5 x 1070, CL = 90% PAR=5042; DESIG=492
M= — pu™ 1)/ Total <4 %1078, cL = 90% PAR=5022;DESIG=14

FAT — B2eT)/Miptal <2.7 %1075, cL = 90% PAR=5033;DESIG=111
rAL — B2ut)/Tiotal <9.4 %1076, cL = 90% PAR=5033;DESIG=112
rAr — pet i) /Miotal <1.6 x 1075, CL = 90% PAR=S033;DESIG=113
FAL = =7 uF ) Miotal <7.0x 1074, CL = 90% PAR=S033;DESIG=61



BARYON NUMBER

<1.8x 1070, CL = 95%
<1.8x 1070, CL = 95%

N(Z — pe)/Tiotal
MNZ — pu)/Tiotal

(

(
= — p )/rtotal <3.5x107%, cL = 90%
rr— — pr )/rtotal <15x 1072, CL = 90%
r(r— — p210)/Motal <33 %1072, CL = 90%
rr— — pn)/rtota| <8.9x 1076, cL = 90%
rr= — p7r 0m) /T eotal <27 %1075, CL = 90%
M~ — An7)/Tiotal <7.2x 1078, CL = 90%
F(r~ — A7) /Tiotal <14 %1077, CL = 90%
r(D% — pe™)/Miotal [s] <1.0x 1075, CL = 90%
r(o% — )/rtotal [] <1.1x1075, CL =90%
r(B+t — A0ut)/Miotal <6 x 1078, CL = 90%
r(B+t — AOe®)/TMotal <3.2x 1078, CL = 90%
ret — /\‘hfr)/rtotaI <6 x 1078, CL = 90%
ret — /\0 et)/Tiotal <8x 1078, CL = 90%
r(BY — AT 1)/ Miotal <1.8x 1075, cL = 90%
red — A AT e™) Tiotal <5x 1076, cL = 90%
p mean life [u] >2.1x 1029 years, CL = 90%

A few examples of proton or bound neutron decay follow. For limits on many other nucleon

decay channels, see the Baryon Summary Table.

(N = etn) > 2000 (n), > 8200 (p) x 1030
years, CL = 90%

(N — ptm) > 1000 (n), > 6600 (p) x 1030
years, CL = 90%

(N — et K) > 17 (n), > 1000 (p) x 1030 years,
CL = 90%

(N = ptK) > 26 (n), > 1600 (p) x 1030 years,
CL = 90%

>0.86 x 108 s, CL = 90%
[v] >1.3x108s, CL = 90%
<27 %1070, CL = 90%
<9.4 x 1070, CL = 90%
<1.6 x 1072, CL = 90%

limit on n7 oscillations (free n)

limit on n7 oscillations (bound n)
FAT — B2eT)/Miptal

F(AE = P2uT)/Toal

r(Af = pet ™)/ Motal

ELECTRIC CHARGE (Q)

[x] >4.6 x 1026 yr, CL = 90%
<8 x 10727 CL = 68%

e — v and astrophysical limits

M(n— preve)/Tiotal

AS = AQRULE
Violations allowed in second-order weak interactions.

<1.3x 1078, CL = 90%

<3.0x1076, CL = 95%
Re(x.), Kg3 parameter (—=0.9 + 3.0) x 10-3

x=AKO = 77t u)/AKO = 77 0T ) = A(AS=—AQ)/A(AS=AQ)

F(K+ — 7r+7r+e_ﬁe)/l'tota|
rnK+ — 7r+7r+u_ﬁu)/rtota|

real part of x —0.002 + 0.006
imaginary part of x 0.0012 £ 0.0021

Nt — netw)/r(== — nt™ o) <0.043

r(=t — netug)/Miotal <5 x 1070, CL = 90%

(
(
(
(
(

M = nutv,)/Miotal <3.0x 1072, CL = 90%
[Z0 — et we)/Miotal <9 x 104, CL = 90%
rE0 — == utv,) Miotal <9 x 1074, CL = 90%

7/1/2013 15:57 Page 18

CONLAW=B

PAR=S044;DESIG=71
PAR=S044;DESIG=72
PAR=S035;DESIG=104
PAR=S035;DESIG=105
PAR=S035;DESIG=268
PAR=S035;DESIG=106
PAR=S035;DESIG=269
PAR=S035;DESIG=297
PAR=S035;DESIG=298
PAR=S032;DESIG=387
PAR=S032;DESIG=388
PAR=S041;DESIG=567
PAR=S041;DESIG=568
PAR=S041;DESIG=569
PAR=S041;DESIG=570
PAR=S042;DESIG=491
PAR=S042;DESIG=492
NODE=S016T
PAR=S016;DESIG=6

PAR=S016;DESIG=6;0UR LIM
PAR=S016;DESIG=7;0UR LIM
PAR=S016;DESIG=8;0UR LIM
PAR=S016;DESIG=9;0UR LIM

NODE=S017NA2;0UR LIM
NODE=S017NA1;OUR LIM
PAR=S033;DESIG=111
PAR=S033;DESIG=112
PAR=S033;DESIG=113

CONLAW=Q

NODE=S003T
PAR=S017;DESIG=2

CONLAW=SQ

PAR=S010;DESIG=8
PAR=S010;DESIG=10

NODE=S011XRP

NODE=S5013250

NODE=S013REX

NODE=S013IMX

NOLIIDNE|:SOIQR7;—> UNCHECKED «—;0OUR

PAR=S019;DESIG=7;— UNCHECKED «;
%UR LIM

PAR=S019;DESIG=6;— UNCHECKED «;
OUR LIM

PAR=S023;DESIG=5

PAR=S023;DESIG=7



AS = 2 FORBIDDEN

Allowed in second-order weak interactions.

7/1/2013 15:57

CONLAW=S2

M0 — pr)/Feoal <8x 1076, CL = 90% PAR=S023;DESIG=2
MZ0 — pe~a)/Miotal <13 x 1073 PAR=S023;DESIG=3
r=0 — pu 7,)/Ttotal <13 x 1073 PAR=S023;DESIG=8
MN=" — n77)/Tiotal <1.9x 1072, CL = 90% PAR=S5022;DESIG=3
M= — ne 7y)/Tiotal <3.2x 1073, CL = 90% PAR=5022;DESIG=7
M= = nu™ 7))/ Teotal <1.5x 1072, CL = 90% PAR=S5022;DESIG=8
M= — pr ) /Teotal <4x10~4, CL = 90% PAR=S022;DESIG=10
M=~ — pr e T)/Tiotal <4 x 1074, CL = 90% PAR=5022;DESIG=11
[(E~ = pr 1™ 7,)/Trotal <4x10~4, CL = 90% PAR=5022;DESIG=12
MR~ — A7) /Teotal <2.9x1076, CL = 90% PAR=S024;DESIG=4

Page 19

AS = 2 VIA MIXING CONLAW=S2M
Allowed in second-order weak interactions, e.g. mixing.
m0 = My (0.5293 + 0.0009) x 1010 7 s—1 (s NODE=5013D
L s =13)
m 0 — Mo (3.484 £ 0.006) x 1012 MeV NODE=5013D1;0UR EVAL
L S

AC = 2 VIA MIXING CONLAW=C2M

Allowed in second-order weak interactions, e.g. mixing.

\mD? - ng| =af (1181343) x 1010 i s—1 NODE=5032D;0UR EVAL

(1.43 £ 0.19) x 10~2 NODE=5032DT;OUR EVAL

AB = 2 VIA MIXING CONLAW=B2M

Allowed in second-order weak interactions, e.g. mixing.

Xd 0.1875 = 0.0020
(0.510 + 0.004) x 1012 p s~ 1

NODE=S042CHD;— UNCHECKED «;OUR

EVAL
Amog=m g —m NODE=5042D;— UNCHECKED «—;OUR
BO = g0 — Mgy EVAL - -

xg = Amgo/T o 0.775 + 0.006 NQDE=5042DG;— UNCHECKED —OUR
Am g =mog —myg (17.69 + 0.08) x 1012 7 s—1 NODE=5086D;— UNCHECKED «—;OUR
B Biy By EVAL
xg = Am 0 /T 1o 26.82 + 0.23 NODE=5086DG;— UNCHECKED «;OUR
BY/" BY EVAL
Xs 0.499309 + 0.000012

NODE=S086CHS;— UNCHECKED «—;OUR
EVAL
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AS =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

ntet e )/Ttotal
LA )/Ttotal
Las vP)/Tiotal
7r+ 70 v7)/Tiotal
“ 17/ Teotal
te )/ Ttotal

nOet €7 )/Tiotal
Ot = )/Ttotal
pt #7)/Tiotal
et e™)/Tiotal
e )/Tiotal
a0n0et e )/ Tiotal
7070 “+ 17 )/ Tiotal
pruete )/ Tiotal
eTe et €7 )/ Tiotal

0pt ") /Tiotal

™t
wOete )/ Tiotal
0 vP)/Total
7070 v7)/Tiotal
pet e )/ Tiotal
P 17) /Tiotal

ata— et

[v]

(3.00 + 0.09) x 107
(9.4 £ 0.6) x 1078 (S = 2.6)
(1.7 + 1.1) x 10—10

<43 %1072, CL = 90%
<9x 1079, CL = 90%
<9x 1079, CL = 90%

3 0+1 5) % 10~ 9

(2 9+1 g) x 109

(6.84 + 0.11) x 10~9
(9+6) < 10-12

(3.11 £ 0.19) x 10~/
<6.6 x 1079, CL = 90%
<9.2x 1011 cL = 90%
(2.69 + 0.27) x 10~9
(3.56 + 0.21) x 10~8
<3.8x 10710, cL = 90%
<2.8x 10710, cL = 90%
<2.6 x 1078, CL = 90%
<8.1x 1077, CL = 90%
<7x 1070

(95 x 1078

AC =1WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

ntet e )/Tiotal
mtut 17 )/ Tiotal
P 1t 1) Tiotal
YY)/ Ttotal

et e )/Ttotal

pt 17 )/ Tiotal

n0et e )/Tiotal

0 wt 17 )/ Thotal
net e )/Tiotal

et 17T) Teotal
atr—e e )/Tiotal
pO et e )/Tiotal
mtapt 1)/ Tiotal
P21t 1) Tiotal

wete ) /Ttotal

wpt )/Ttotal

K= KT eTe™)/Tiotal
pet €7 )/Tiotal

K™ KTt #7)/Ttotal
¢:U'+ H_)/rtotal
K-ntet e )/Tiotal
K=t put 1)/ Tiotal
nt = 0 pt ™ )/Ttotal
Ktet e )/Tiotal
Ktut #7 )/ Tiotal
K*(892)+u+ M_)/rtotal
pe e_)/rtotal

Pt u7) /Teotal

<1.1x107%, CL = 90%
<3.9x107%, CL = 90%
<5.6 x 104, CL = 90%
<22 %1070, CL = 90%
<7.9 x 1078, CL = 90%
<1.4x 1077, CL = 90%
<4.5x 1072, CL = 90%
<1.8 x 1074, CL = 90%
<1.1x 1074, CL = 90%
<5.3 x 10™4, CL = 90%
<3.73 x 1074, CL = 90%
<1.0 x 1074, CL = 90%
<3.0 x 1072, CL = 90%
<2.2x 1072, CL = 90%
<1.8 x 1074, CL = 90%
<83 x 1074, CL = 90%
<3.15 x 10~4, CL = 90%
<5.2 x 10™2, CL = 90%
<3.3x 1072, CL = 90%
<3.1x1072, CL = 90%
<3.85 x 1074, CL = 90%
<3.50 x 1074, CL = 90%
<8.1x 1074, CL = 90%
<3.7x 1070, CL = 90%
<2.1x 1072, CL = 90%
<1.4x 1073, CL = 90%
<5.5x 1076, cL = 90%
<4.4 x 1072, CL = 90%

7/1/2013 15:57

CONLAW=S1

PAR=S010;DESIG=15
PAR=S010;DESIG=16
PAR=S010;DESIG=20
PAR=S010;DESIG=50
PAR=S012;DESIG=3

PAR=S012;DESIG=4

PAR=S012;DESIG=10
PAR=S012;DESIG=15
PAR=S013;DESIG=6

PAR=S013;DESIG=7

PAR=S013;DESIG=17
PAR=S013;DESIG=48
PAR=S013;DESIG=54
PAR=S013;DESIG=21
PAR=S013;DESIG=22
PAR=S013;DESIG=16
PAR=S013;DESIG=20
PAR=S013;DESIG=43
PAR=S013;DESIG=52
PAR=S019;DESIG=8

PAR=S019;DESIG=9

CONLAW=C1

PAR=S031;DESIG=41
PAR=S031;DESIG=42
PAR=S031;DESIG=198
PAR=5032;DESIG=45
PAR=5032;DESIG=39
PAR=5032;DESIG=28
PAR=5032;DESIG=225
PAR=5032;DESIG=216
PAR=5032;DESIG=226
PAR=5032;DESIG=227
PAR=5032;DESIG=262
PAR=5032;DESIG=52
PAR=5032;DESIG=263
PAR=5032;DESIG=53
PAR=S032;DESIG=228
PAR=5032;DESIG=229
PAR=5032;DESIG=266
PAR=5032;DESIG=230
PAR=5032;DESIG=267
PAR=5032;DESIG=231
PAR=5032; DESIG=264
PAR=5032;DESIG=265
PAR=S032;DESIG=218
PAR=S034;DESIG=94
PAR=S034;DESIG=74
PAR=5034;DESIG=75
PAR=5033;DESIG=108
PAR=5033;DESIG=60

Page 20
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AB =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

BT — at et 07)/Tiotal

Bt — xtet e )/Ttotal

Bt _ 7r+u+u_)/rtotal

BT — 7t uD)/Miotal

BT — KTt 07)/Tiotal

Bt — K+e+e_)/rtotal

B+ — K+u+u_)/rtotal

Bt — KT ov)/Tiotal

BT — pTvD)/Tigtal

BT — K*(892)T £ 07)/Tiotal
Bt — K*(892)" et e™)/Tiotal
BT — K*(892)T 1t ™) /Tiotal
Bt — K*(892)" v¥)/Tiotal
BY — YY)/ Ttotal

BO — etTe ) /Tiotal

BY - et e 7)/Tiotal

BY — 4T 1)/ Tiotal

BY — 1wt uT ) /Tiotal

BY T77) T iotal

BO — ﬂ0é+€_)/rt0ta|

BO — 70+ e )/Tiotal

BO — A0,+ 17)/Total

BO WOVD)/rtotEﬂ

BO — KOt =) /Tiotal

BO . KOet e )/Ttotal

B0 _, K0u+u_)/rtota|

BO — KOuw)/Migtal

BO pOVV)/rtotaI

BO — K*(892)0¢t ) /M iotal
B0 — K*(892)0et e™)/Miotal
BO — Kk*(892)0 it ™) /Miotal
BO — K*(892)0u)/Tiotal
BO dv7)/Tiotal

BY invisible) /T 5ia1

BY — v77)/Tiotal

B — se+e_)/rtota|

B — 5“+“_)/rtotal

B — stT07)/Tiotal

B — 7T 07)/Tiotal

B— Kete )/Miotal

B — K*(892)et e™)/Motal
B — Kut #7)/Trotal

B — K*(892) T 17)/Tiotal
B — K[i_é_)/rtotal

B — K*(892)¢1¢7)/Tiotal
B — KvD)/Tiotal

B — K*u)/Tigtal

b — 571)/Tiotal

b — eT e anything)/Motal
b — T p~ anything)/Tiotal
b — vTanything)/Tyo1q|

Bg — 77/ Ttotal

BY — ut i) /Tiotal

Bg — e+e—)/rtota|

BY — $(1020) " 1) /Tioral
Bg — ¢vD)/Tiotal

<4.9x 1078, CL = 90%

<8.0 x 1078, CL = 90%

(2.4 +0.6) x 1078

<1.0x 1074, CL = 90%

(451 £0.23) x 10~ 7 (S = 1.1)
(5.5 +0.7) x 107

(4.49 £ 0.23) x 10~ 7 (S = 1.1)
<1.3x 1072, CL = 90%
<15x 1074, CL = 90%

(1.29 + 0.21) x 10~

(1.551734%) x 106

(1.12 + 0.15) x 10~
<8x 1073, CL = 90%
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(47 +£13)x 1076
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(1.06 + 0.09) x 10~
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<3.2x 1074, CL = 90%

<8.7 x 107%, CL = 90%
(32113) x 1079
<2.8x 1077, CL = 90%
A _
(1.131349) x 10-6
<5.4 x 1073, CL = 90%
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AT =1WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

[bb] <2.1x 1073, CL = 95%

NOTES

[a] C parity forbids this to occur as a single-photon process.

[b] See the Particle Listings for the (complicated) definition of this quantity.
[c] Time-reversal invariance requires this to be 0° or 180°.

[d] This coefficient is zero if time invariance is not violated.

[e] Allowed by higher-order electroweak interactions.

[f] Violates CP in leading order. Test of direct CP violation since the in-
direct CP-violating and CP-conserving contributions are expected to be
suppressed.

[g] In the 2010 Review, the values for these quantities were given using a
measure of the asymmetry that was inconsistent with the usual definition.

[h] Re(€’/€) = €’ /€ to a very good approximation provided the phases satisfy
CPT invariance.

[/] This mode includes gammas from inner bremsstrahlung but not the direct
emission mode K(L) — w7~ ~(DE).

[/] Neglecting photon channels. See, e.g., A. Pais and S.B. Treiman, Phys.
Rev. D12, 2744 (1975).

[k] Derived from measured values of ¢ _, ¢qo, ]n‘ ’mKO — Mo, and
L S

T 0, as described in the introduction to “Tests of Conservation Laws.”
S

[/] The |mp—m5}/mp and }qp + %|/e are not independent, and both use
the more precise measurement of |g,/my|/(qp/mp).

[n] The value is for the sum of the charge states or particle/antiparticle
states indicated.

[0] A test of additive vs. multiplicative lepton family number conservation.

[p] The limit quoted corresponds to the projection onto the sin®(2653) axis
of the 90% CL contour in the sin2(2923)—Am§2 plane.

[q] The sign of Am§2 is not known at this time. The range quoted is for
the absolute value.

[r] Derived from an analysis of neutrino-oscillation experiments.

[s] This limit is for either DO or D° to pe~.

[t] This limit is for either DO or DY to He™.

[u] The first limit is for p — anything or " disappearance” modes of a bound
proton. The second entry, a rough range of limits, assumes the dominant
decay modes are among those investigated. For antiprotons the best
limit, inferred from the observation of cosmic ray p's is T > 107
yr, the cosmic-ray storage time, but this limit depends on a number of
assumptions. The best direct observation of stored antiprotons gives
75/B(F — e 7) >7x10° yr.

[v] There is some controversy about whether nuclear physics and model
dependence complicate the analysis for bound neutrons (from which the

best limit comes). The first limit here is from reactor experiments with
free neutrons.

[x] This is the best limit for the mode e~ — v~y. The best limit for “electron
disappearance” is 6.4 x 1024 yr.

[y] See the Kg Particle Listings for the energy limits used in this measure-
ment.
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[z] See the K(Z Particle Listings for the energy limits used in this measure- LINKAGE—=KDL
ment.
[aa] An ¢ indicates an e or a & mode, not a sum over these modes. LINKAGE=DX

[bb] This limit is for [(t — Zq)/T(t — Wb). LINKAGE=TD2



